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Extended Abstract

Thermal fatigue has been affecting operations in many sectors, including the nuclear and the energy industries for
many years, despite measures taken to mitigate it. A total of 13 failures have been reported in pressurized water reactors in
nuclear power plants (NPP) resulting from thermal fatigue, occurring at different ages of the plants’ usage [1]. Thermal
fatigue has been understood as an aging problem, but damage such as a through-wall crack in Civaux 1, in France in 1998,
occurred after only 1500h operation of the pressurized water reactor, necessitating more attention to the phenomenon [2]
[3]. A piping section where two fluids (hot and cold) combine and converge downstream is named a mixing point (or T-
junction). T-junctions are common in industrial plants where flow mixing is required, for instance, to locally dissipate heat.
The turbulent mixing of the two fluids leads to thermal variation as a result of inhomogeneous mixing of the fluids which
is predominant in the vicinity of the T- junction. This phenomenon is referred to as Thermal Striping [4]. During thermal
striping, high-magnitude, low-frequency thermal and flow fluctuations propagate from the fluid down to the solid wall,
inducing mechanical vibrations and local stresses in the pipe. If the stress variation is above the fatigue limit of the pipe
material, this can lead to crack initiation and propagation over a number of cycles. (The fatigue limit refers to a stress value
below which the material can undergo an infinite number of load cycles without leading to fatigue failure). The method of
utilizing leak before failure as a check to prevent damage has not been completely effective, as an undetected leak could
lead to disaster, as was the case of an accident at a gas plant in Pascagoula, Mississippi, in 2016 [5]. A better method of
preventing failure is to ensure proper and adequate checks are carried out at a predetermined frequency. The objective of
the research is to utilize computational fluid dynamics (CFD) and Finite Element Analysis (FEA) to understand the
combined effect of constraint and temperature fluctuation at the vicinity of mixing points, and also to develop more
effective inspection criteria to investigate T-junctions susceptible to thermal fatigue. The methodology proposed in this
research involves experimental measurements and numerical simulations. The numerical methodology will involve Fluid
Structure Interaction (FSI) analysis. This involves the use of CFD and FEA to determine the thermal fluctuation at the wall
and the subsequent thermal stresses and strains. Model developments are ongoing to understand the phenomena taking
place at pipe mixing points, while experiments will be used to validate the simulation results. The results of strain and
stress obtained from FEA and experiments will be used to determine crack initiation and propagation, which will help to
develop inspection criteria and frequency. The outcome of this research is to ensure improvement and optimisation in the
cycle of inspections and maintenance around mixing points affected by thermal fatigue, in order to reduce costs, while
ensuring integrity and operational safety.

ENFHT 238-1


mailto:saluf@uni.coventry.ac.uk
mailto:ab6856@coventry.ac.uk
mailto:ab8295@coventry.ac.uk
mailto:Tyler.London@twi.co.uk
mailto:alessio.basso@twi.co.uk
mailto:jwj5@leicester.ac.uk

Acknowledgement

This publication was made possible by the sponsorship and support of Lloyd's register foundation. The work was
enabled through, and undertaken at, the National Structural Integrity Research Centre (NSIRC), a postgraduate engineering
facility for industry-led research into structural integrity established and managed by TWI through a network of both
national and international Universities. Lloyd’s Register Foundation helps to protect life and property by supporting
engineering-related education, public engagement and the application of research. http://www.lrfoundation.org.uk/

References

[1] C .L. Atwood, V. N. Shah, and W. J. Galyean, “Analysis of Pressurized Water Reactor Primary Coolant Leak Events
Caused by Thermal Fatigue,” in ESREL 99 - European Safety and Reliability, 1999.

[2] S. Chapuliot, C. Gourdin, T. Payen, J.P. Magnaud, A. Monavon, “Hydro-thermal-mechanical analysis of thermal
fatigue in a mixing tee,” Nuclear Engineering and Design 235, vol. 235, p. 575-596, 2005.

[3] M. Dahlberg, K.-F. Nilsson, N. Taylor, C. Faidy, U. Wilke, S. Chapuliot, D. Kalkhof, 1. Bretherton, M. Church, J.
Solin, and J. Catalano, “Development of a European Procedure for Assessment of High Cycle Thermal Fatigue in Light
Water Reactors: Final Report of the NESC-Thermal Fatigue Project,” Institute for Energy, Petten, 2011.

[4] I. S. JONES, “An Impulse Response Model for the Prediction of Thermal Striping Damage,” Engineering Fracture
Mechanics , vol. 55, pp. 795-812, 1996.

[5] B. DuBose. (2020, April 5). Chemical Safety Board: Thermal Fatigue Led to Gas Plant Blast [Online]. Available:
https://www.materialsperformance.com/articles/material-selection-design/2019/12/chemical-safety-board-thermal-
fatigue-led-to-gas-plant-blast. [Accessed 15 January 2022].

[6] A. Nakamura, Y. Utanohara, K. Miyoshi, and N. Kasahara, “A Review of Evaluation Methods Developed for
Numerical Simulation of the Temperature Fluctuation Contributing to Thermal Fatigue of a T-Junction Pipe,” E-
Journal of Advanced Maintenance, vol. 6, no. 4, pp. 118-130, 2015.

ENFHT 238-2



